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Lock and Dam No. 26, Mississippi River Timber piles 







Chemical grout test Alluvial sands 
Rock anchor test Benoto sethod 
Drilled-in pile test Instrumentation of tests 





Vibrational effects on structures 
i ASSTRACT (Continue en reverce ofde If necocoary and identity by biech number) 
A series of tests examining various foundation systems and construction tech- 

niques were conducted on Ellis Island near Locks and Dam No. 26 in alluvial 
sand deposits underlain by glacial deposits and limestone. The chemical grout 
test consisted of grouting the upper 20 feet of the alluvial sand by injecting 
a number of different silicate and cement-bentonite grout types, while varying 
the grouting method, hole spacing, and injecting rates. Heave, lateral dis- 
placement, and pore pressure were monitored during grout injection. The in 
situ properties of the sand were measured before and after grouting by standard 
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20>> penetration tests, static cone penetration tests, pressuremeter tests, “ 
bore hole permeability tests, and shear wave velocity tests. Concurrently 
laboratory tests were conducted to investigate the strength and creep behavior 
of the grouted sand. After completion of grouting, the site was excavated to 
exauine and evaluate the grouted sand. In the rock anchor test, inclined rock 
anchors were installed in limestone through 130 feet of alluvial and glacial 
deposits using a pneumatic down-the-hole hammer with an offset reamer. Load 
tests vere conducted on three instrumentated rock anchors and the feasibility 

of installation of the rock anchors was determined by evaluating loss of ground 
during installation, performance of the installation equipment, and rate of 
installation. The drilled-in pile test consisted of installation of large 
diameter high capacity pipe piles by the Benoto method. The feasibility of 
installing these piles was determined by evaluating losa\pf ground during 
installation, performance of the Benoto equipment, and rate of installation. 

In the pile driving effects test, pile foended monoliths e constructed, 
supported on either one, eight or twelve timber piles jett and driven in al- 
luvial sand to a depth of 35 feet. After applying lateral and verticai load to 
the monoliths, steel piles were driven at varying distances from the monoliths 
while monitoring movement of the monolith and supporting piles} shear, soment, 
and axial load in the timbér piles; and pore pressure, movement, and particle 
velocity, in the soil. Parameters examined were pile type being driven (sheet, 
pipe, or H-pile), pile driving hammer (diesel, air-steam, or vibratory), dis- 
tance of driven piles from monolith, driving of multiple piles at the same 
distance from the monolith, load level applied to the monolith, and soil 
properties (grouted and ungrouted). Vertical and lateral load tests were con- 
ducted on each pile founded monolith. Tests were also conducted to assess what 
effect grouted soil has on piles. Piles were driven in both grouted and un- 
grouted sand to examine driving characteristics and lateral load tests were con- 





ducted on H and pipe piles in both grouted and ungrouted sand. 
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T.l DETAILED DESCRIPTION OF CY/BES 





uter-Based Scanner/Recorder. Cyber II 

for data acquisition is a microcomputer system designed and prograamed 
to automatically condition and acquire data from strain gages and 
other voltage or bridge-type transducers. The system may be operated 
by personnel not necessarily knowledgeable in computer operation and 
programming. The Cyber II is preprogrammed before delivery so that 
only setup information is entered to control the acquisition and 
recording of test data. All the information to the system may be 
entered via a key-based pad and display panel. The key base consists 
of numerical keys and command word keys. 


The Cyber II has basically three separate modes of oper- 
ation; setup, acquisition and playback. In the setup mode, the 
system reads the instructions as entered by the operator. In the 
acquisition mode, any selected channel can be monitored on the 
display panel. The other channels may be scanned at a asximun rate 
of 20,000 channels per second. The data are stored in the computer 
memory for later transfer to disk (dual floppy) storage and selec- 
tive printing. For the playback mode the stored data aay be recalled 
for inspection, further processing to engineering units and analy- 
ticel studies by programming the coaputer. 


The Pile Driving Effects Test requires that several hundred 
gages be read expediently for ea very large number of test load 
steps. This large volume of data requires efficient reduction to 
engineering units and analysis. The multichannel date acquisition 
system selected (Cyber II) is 320 channels. 


Intergrated in this system is a CRT terminal with en 
appropriate software package so that the test dete may be inspected 
and partially evaluated before the date are stored on a dual floppy 
disk unit. The data stored on the disks may then be played back 
onto computer tape and entered into an outside computer with an 
appropriate processing program. This program will be tailor-made 
for the particular task to optimize the utilization of the test deta 
through expedient data reduction and presentation. 
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T.1.2 Multichannel Data Acquisition System Schematic 
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ACQUISITION CONTROL UNIT 

Tne Acquisition Control Unit ofiers several features wruch are 
Gesigned lo optimuze the use of the CPU bandwith and ofier 
greater precision in sampie time The reason the microcom- 
Puler based sysiem is able 10 prove operation at speeds com: 
Paradie to the mumcomputer is the use of thus unique CYBER 
controler 


ANALOG-TO-DIGITAL CONVERTER 

The Basic Acquisition Unit 1s equipped with @ successive ap- 
Prommation anaiog-to-digita! converter The successive ap- 
prommation ADC utilizes a sample and hold amplifier 10 sample 
the incoming Gata anc hoic this vaive whe the ADC is pertorm. 
tng the conversion The unit is supplied as 11 Oits plus sign as 
Stancarc. aNd with speed ranges of 40 000 to 100 000 conver: 
SONS Per SeCONC 


PROGRAMMED GAIN AMPLIFIER 

_ The input signa! path consists o! two preampiiers fotiowed by & 
programmadie gain ampiitier The Basic Acquisition Unit is 
equipped with a programmed gain ampiher tha! provides tull- 
scale input ranges of = 5 mv throug” 10 24V tull-scaie in 12 
bnavy steps 


CALIGRATIO:: 

Al systems are equipped with a programmable Calibration ret- 
erence Supply to provide the system with an NBS traceable 
Standard The reference sunp'y wil! Output unde’ Computer con: 
tro! a OC vottage which is - 80% e of each full-scale input range 
of the svsiem 

Since values obtained trom the calibration are used to correct 
all other data ts desi abic fo read Inem with greater precision 
than normal data Therefore each data pont lasen dunng cak- 
bration 1s Measured 16 tines. and [his Gata averaged to mc- 
muze the effects of system nose 





AUTOMATIC BRIDGE BALA!C= 

In systems Raving a number 0! Dridge type channels an auto- | 
matic bridge balancing network provides much faster setup anc 
greater Nembdility to Ihe user In the CYBER SYSTEMS ap- 
proach a Selance votiage '$ MOUCed ahead o' the programec 

ganamnptie The sysiem firs: mases a tare run to measure the i 
OMse: Then when measuring the s:cna! a compensanng offset , 4 
value '$ loaded wa the controlier sto the DAC and the signa! i; | 
Measured On a Mgher gan ranoc ij 


AUTGAATIC RANGI: 
The system employs an automatic ranging feature that auto- 
pps nang. tytn wana braun el 
ured channe!. The system is set to mamtain the signal level 
normally between 40 and 80". of full-scale except on ihe tug. 
eS! and lowes! gan ranges : 
i 
] 


RE 
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AUXILIARY MEMORY 
Tne controller contamns“an auxilary memory (external to the 
computer memory) that 's uSed to hold the channel sequence. 


@irmunating the Need to Obtain the scannung 
CPU memory. the data I/O toaded on the CPU is reduced by 
66 percent 


REAL-TIME CLOCK i 

The controlier aiso contains a programmabie reai-tume clock 
wich provides the twreng for both channel-to-channe! sampling 
rate and the ume wterval between scans. 


PROGRAMMABLE SAMPLE RATE AND INTERVAL 

The programmed sampie rate allows the system to be tailored 
to the specific information bandwith and recording capabirty 
of the appication The maximum sampiing rate for low teve' 
sgnais 1s 20.000 channels per second and is program selec: 
able downward by factors o! two (1e@. 10.000 to 5.000. etc } 


- The interval between scans can vary from 10 mékseconds to 


10 menses 


PROGRAM SELECTABLE BANDWIDTH 

The amplihers and the oftse! DAC are wmdeband to minimize 
setting errors when the system is operated at hugh throughput 
rates Ths system includes provisions for the selection of a 
HIGH/LOW amprher bandwmoth Ths feature. used m Conmunc- 
tion with the programmabie sampie rate. allows the kmnitng of 
the nose bandwith when permed by the slower scan rates 


ANALOG-TO-DIGITAL ISOLATION 

‘The controller 6 the place where the analog and digital grounds 
Of the system are isolated 10 mawmuze the possibility of Gipvta! 
Norse aflecting the accuracy of the acquired signa! 


The entire multiplexing. amplification and A-to-D conversion 
Orcurry Operates on 8 seperate Power Supply and the signa! 
mtormaton is transm:fiec senally over Optica! knks Besides 
Providing the anasiog-to-diprta! isolation. thrs Gesgn slows the 
further benefit of remote operation of the snalog equipment with 
8 MnmMUM Of iMterace kNes with ali information transmitted 
Gaptaly 

Further. the wsolahon allows several hundred volts of common 
mode voltage to exis! between the analog and cipal grounds 
Trvs 1s especially mporiant when dstances of hundreds of fee! 
iM 8N UNCONI/Olled environment ex's! Detween the cluster of 
transducers to be measured and the Gupta! system 


MODEL 9305 EXCITATION POWER SUPPLY 


The Mode! $305 Excitation Power Supply :s a sef-contamed ur! 
specifically designed for use with Strain Gauges Load Cells 
Pressure Transducers Displacement Transducers 8nd wriually 
al! types of unwts requiring Constant vollage excitation 

The output 1s Contnucusty sdustabie from 0 to 12 vols and a 


Bengie Powe! supDty Can Oper ste UD 10 32 350-ofwn Onaiges at 
fl Output voRage 


Cr es 


a 





MODEL $477 SIGNAL CONDITIONER/MULTIPLEXER 
The Signal Conditoner/Munipiexer card provides conditioning 
for any Combination of 1, 2, or 4-arm badges and has provisions 
for completion networks, automatic resistance calibration, ex- 
citation power Orstnbution and an B-channel, 3-wire, low-level 
multiplexer. input lerminaton ts by Quick disconnect card edge 
connectors Each transoucer ts provided with a 6-wire plus 
Stueid miertace allowing hugh transducer accuracy by remote 
connection to the bndge 


The signa! conditioning/multiplexer card contains provision for 
a single pole R-C filter per channel 

Twenty-four (24) channets (3 cards) may be conta.red in the 
main CYBER 1! chassis for smal! requirements Up to sixteen 


cards. 128 channe's are housed in each separate multiplexer - 


chassis A buss type addressing structure allows the sysiem to 
support over 1000 channels through the use of additional chas- 
$S and plug-n cards 


SOFTWARE 

CYBER Ii s prowded as a complete turn-key system mnciucing 
ali the software required for many appkcations in adaiion. the 
Sysiem provides the flexibility 0 be easy tadlored to meet 8 var: 
tety Of non-standard appkcations The basic sysiem inciudes 
three (3) main programs These are 


tn the Setup Mode the operator inputs tree form siaiements 
whuch supply Setup parameters ts possible to ente: ali the 
information to the sysiem via the integral Setup anc Display 
Pane! Tne Setup anc Display Pane! consists of a numenca! 
keypad. 8 command keypad and a display in the Setup Mode 
the sysiem reads the mstructons as entered by the operator 
and echos them on the drsplay output tn the Orsplay Mode any 
selected Channel may be monsored Gunng acquisition 


When used as a satelite to @ hos! syste ali the setup iniorma- 
ton may be transmified from the host to the CYBER ti sysiem 
allowing completely unatiended operation intertacing to tne 
hos! sysiem is wa an RS-232 pon which allows the selection of 
vitally any host computer The Setup and Display Pane! may 
Stil! De Utkzed when connected to @ hos! System for mamien- 
ance and setup procedures 


Prox to the start of acquisition the system has provisions tor 
automatic calibration and tare offset compensauon Dunng ac- 
Quisition, cakbrations may be scheduled 


Also Gunng acquisition. the system will knit Check any pre- 
Wously speciied channels 8nd outpul up 10 24 channels in en- 
QNneenng unis for tes! monfonng purposes 


in the playbeck mode of operaton. the system accesses the 

recorded Gaia. appkes the scale tactors and cab- 
bration data as previously Gefned. and outputs the mformation 
to 8 selected device The user may specify vanous non-knear 
tanstormations to be apphes to the Gata in pertorrmng the con- 
version to engingenng uruts 


Adaihone! miormakon concermung the softwere evedtabie with 
CYBER I @ comamned m the User Manual 
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T..4 Myltnclhannel Data Acquisthion System Speafications 


SYSTEM SPECIFICATIONS 


Number of inputs 


Input Type 
input Range 
Common Mode Voltage 


Conditioning 


Scanning Rate 


imterva' between Scans 
Fre Amoiter 


Excnation Power Suppty 


8 channels pe: card. 24 channels 
im man chassis 

128 charinets n each expansion 
chasss 

1024 channels maxmun 
Guardec DOitterventia’ 3-wire 
MOS switch. fully protectec 

= $ mulevons to = 10 24 vons im 12 
Dnary ranges 

2 10 volts between channe's 


for 1.2 oF 4-arm Dndge completion 
Gnd resisiance calmraton. 6-wire 
Poul plus srueid Singe-D0:e tow 
pass imer 

= OC milkvons UNdalance compen. 
88%0n 
Resomton = 40 mcrovols 
Stabaty = 1 mecrovon € zero 
Programmadie brary steps trom 
apprommaiety 40 SPS to 40 00> 
S°S (20.009 SPS 07 low teve' 


Vonage progranabie 
2 4 rrulievons to 2B 192 volts m 12 
Denary ranges Accuracy : 0015's 
Of range = 3 mucrovons 


_ Brage Programmapbie singie- 


Porm shunt resistor 
Adystadie 0 10 12 vons 


eet when 


I.2 DSSCRIPTION OF DYNAMIC DATA ACQUISITION SYSTEM 


Za-gral .Tie descripton of the Namic data. acquistion 
sustem is Shown if Fig. My 
A typical geophone and a schematc of the 3-D 
Geophore Arrangerrent is given in Fig. 2.2. 


During Ake Driving Efvatts Tast Program , 16 tracks of 
voltage vs tre were recorded arectly and cont miously on 
Analog magratic tape using mults-channel tape recorders. 

Selected tape data were played into an to 
agital conversion system and dligé ¢ tye for fi rage evalyuaton 


useng computer facr ities . Neots of ¢/ 1a chgi'tia # these 
tapes wens accomplished in tHe field ong @ JOMATION 
TRANSIENT RECORDER (MObEL 10/5) Urit urith an oscil 


a magnetic computer tape recorder (CYPHER) and an inter- 
pace unit, 
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PILE DRIVING ANALYZER SYSTEM 
1 Measured Parameters 


Dynamic measurements of strain and acceleration are made 
on piles near the butt during driving. 


, System Description 
‘.+.*.1 General. The Pile Driving Analyzer System is rented and 
consists of: 


(1) set of two strain and two acceleration transducers sounted 
near the pile butt; 


(2) field analog computer (Pile Driving Analyzer); 

(3) two channel storage oscilloscope with mounted camera 
systen; 

(4) four-channe] (analog) magnetic tape recorder; and 


($) pressure transducer (for monitoring combustion behavior of 
diesel hammers). 


t.3.2.2% Principle of ed Pile acceleration and strain are 
measured near the top of the pile for each hammer blow. By in- 
putting these measured quantities along vith materia] properties and 
boundary conditions of the hammer-pile-soil system, the analyzer 


unit computes stress, velocity, transmitted energy, acceleration, 
and penetration resistance using a wave equation computer progran. 


Sida Instrumentation Systen Specifications 


1.4.3.1 Accelerometer. 


Piezoelectric at 5 av/g sensitivity; 1000 g range (Pile 
Dynamics, Inc). 








1.33 


eo 


Strain Transducer. 


350 oha full Wheatstone bridge; approximately 12 strain 
range (Pile Dynamics, Inc). 


133.3 Connecting Cable. 
10 conductor stranded wire; shielded in pairs. 


12s Analyzer Unit. 
(1) Type or Model No: Pile Dynamics, Inc Model EB, 
3.5 digit LED panel displays 
one parawseter, digital line 
printer for three selected 
peak quantities, analog 
Output for seven different 
parameters; C60. +5500 oe 





(6) 
(7) 


4.5 


Q) 


(2) 


(3) 


4.6 


q) 


(2) 


Size: 


Weight: 

Power Requirement: 
Temperature Ranges: 
Operation: 
Printer: 
Storage: 

Input Impedance: 
Output Impedance: 


Portable Oscilloscope. 
Type or Model No: 


Size: 


Weight: 


Power Requirement: 


Temperature Range: 
Sensitivity: 
Integrate Mode: 


Camera. 
Type or Model No: 


Tape Recorder: 


16-3/4 in, by 18-1/2 in. by 
7-1/4 in. 


40 1b 
115 V, £102, 48-66 Hz 


10°C to 45°C 

0°C to 40°C 

-50°C to +85°C 

Greater than 10 k ohms; 

Less than 10 ohms with 7 ma. 


Tektronix 314, two-channel 
storage oscilloscope 


4.4 in. by 9.3 in. by 
13.6 in. 


10.5 1b 


ac (90 V to 132 V or 180 V 
to 264 V at 48 Hz to 490 Rz 
with maximum power 29 W at 
115 V); DC (11 V to 14 V or 
22 V to 28 V with maxiaun 
current, 16. A at 12 V) 


Operating, -15°C to #55°C 
1 aV/div at 10 Miz 


Intensified signal for fast- 
rise-time low repetition - 
rate signals using auto-~ 
trigger and eauto-erase 
(displays one- or two- 
channel signal for each blow 
with menual override to 
estore one particular event) 


Tektronix C-30A scope- 
mounted camera with Poleroid 
file pack 


Tandberg Instrumentation (4- 
channel) Tape Recorder 
Series 115 








ee Installation Procedures 


Typical transducer mounting detail schematics for the 
timber piles, steel H piles, and steel pipe piles are given in 
Fin. '. 9 , The transducers are bolted to the pile in predrilled 
holes after the pile is suspended in the leads. Wires from each 
transducer are collected nearby in a cable box with a single, aulti- 
wire, shielded cable transmitting the signals to the Pile Driving 
Analyzer. Individual cables output the selected analog signals to 
both the oscilloscope and the tape recorder from the Pile Driving 
Analyzer, see fey. Tub, 


$4.45 Data Acquisition 


The measured quantities (strain and acceleration records) 
ere simultaneously recorded on both the oscilloscope and the tape 
recorder through the field computer. The field computer outputs 
include: digital (paper tape) printout of peak values of measured/ 
computed peremeters (acceleration, force from strain, velocity, 
penetration resistance, and energy transmitted to the pile); and 
analog records of acceleration, velocity, force, energy, and/or 
pressure for visual display (oscilloscope) or permanent storage (on 
magnetic tape). Figure l.4 » shows the schematic diagram of Pile 
Driving Analyzer System typically used during pile driving in the 
field. Magnetic (analog) tape recordings are used as input data for 
further analyses in the office, with the component arrangement shown 
in fiq.t.uc. 
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AK VIBRATION MONITOR 


Specifications - Sinco mode} $-4 
Frequency Response: 


ppoostingehl Rature! frequency of detector 1s 8 Kz 
LIGHT BEAN RECORDER (OSCULLO@RAPH) Flet within ¢ 103 in terms of particle velocity free 
cate 1BSS with 1883-"PD modules etout 10 Hz fo 180 1 
Cranne|s 18 Sonotivey Menges O64 1 2 6 (4 26.68 06 BS Oren ts bo 
Paper Width € in. Tagger Lovet § 06, 30. 2D 4) 00. 6 7. O. O0R Pus Sem 
Frequency Recstwnen -~ Ty 
Response $ Be ppt PRY fo 
0.) « 120 tn./s aie GB 0 B® Reng) 

Chart Speeds . Gyetom Acowecy 210% of Resting 227% tut! taste of 29 0s 
Power Source 110 w AC 


ous Reqevements. 3 were 119 ¥/ 290 V. 60/80 cu 


EWLETT PaceaRD 
Oe meETIC Tart eEconpre 
Rode! Ween 
Chance" 9 6 
Junction Box Tepe Size Ve te. 
2 Qee! Size 7? to 
err = 
outp T Tepe heegs $/92-18 ta./s 
uz 1 
on rs t Omer torre wre 





CCvede - G2 @res+-. <2 cap 190" CESEReS 
CODRS . 4204 208 Ge 00 
Of Ome Gere... to. 9 “© seqmpess 






Rn FE 
i 


U-18 Basic unit 
(ectwa!l sire) 


GENERAL SPECIFICATIONS 
Dastortion Leas than 02% @ 12 Hz enh 
velocity of O7 im /eee pp 
Standard (requency range 45 w 40 Me 
Frequency tolerance 208 Mio t49 
Standard cow! resatances 24 38 60. 98 180 
240, 180 600, 960 ahem 


Case to co motwn 0 080 inches pp 


Frequency change eith tilt jew than 0.1 He 
for vertical unt @ 20° (8 Mz) 
Tramduction (G) G ~ 00487 \ Re 


where G o volts/imch/ sec 
Le = 387-10 Re 
where Le is mm heares 
Dieimeter — 1.25 inches 
Dieight — 1.28 inches 


Cod méuctance (Lc) 


Bau unit 
Wet — 5.3 ounces 


TYPICAL GEOPMOME TRANSOUCER CLCMENT 


12 in to 14 in 





at bade 







Clectetco) wires 
to dete acquistion syster 


seer Pak nomena OE 


Frame for beeping transcuces: 
e) tgnec 


— 2.$-1n.-06 eluminur 
cylinerice) cose 


Vertically oriented transduce: 
(6r2) 


Rortrontelly eriertes transduce 
(Bez 


—Wortronte)ly orterted trensc.ce 
Gn3) 


Mot te scole 


TYPICAL ARRANGE AT OF 3-0 GLOPMONE 


PUNE DeiwinG ScrEcTSs TEST PROSRAM 
GEOPHONE SPECIFICATIONS AND 
ARRANGEMENT 


POvad area mVE 1:90 TOE age TEST PROGRAG 
@UStrws LOCES AED Oaw Ge CO 
OT LOurs Gre TaC?. CORPS OF CHOmennD. 
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(a) £ u 1 (8 analyzer 
LEGEND 

A. LED @tsoley 6. LED Sispley selector switch 

O Calibration constant selection settches H. Operate - standby seitch 

C Reset settch J. On - off setter 

D. Yrenseucer function werning lights 2. Printer 

€. Capectty prediction mode seitch &. Peper tape | 

F. Quteut selector suttcnes L. Manvel print | 

m. Paper edvence 

Forte anc acceleration 


OK input frar ansior 


| 
tepe recorder sig 
Acceleration selector = ——— / 
weiter \ 
/ 


| 

| 

| 

l?yv to dee & tnt ~— \ / 

\ \ / j 

ioe K owtpwt \ 
et rc 







P / 
60 mr Lidv AC power [i *o mance) belence tow 
core Printer connector j 
; 

To Output doe 4 

(ey cv poral, mcet' 
ana yter asia Li To BIm Immet Commer tor 
trom trenscucers 
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P MEASUREMENT DETAILS , MONOLITHS M6 and MF 


Pl COMPLETE FELD L0G OF INSTALLATION OF TiMGER PILE 
UNDER MONOLITH MG 


The identification number d.No.) at the top right - hand 
Corner of the sheet includes the timber prle number 
shoum in Fig. 3.2 Volume I . 
| The timber pele number is given by the two digits 
Preceeding the last tivo ie of the Id.No. ( page P-2 
Corresponds to timber pile Nb. 2 
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PS COMPLETE DRIVING RECORDS OF PROTTIYPE FH LES 
DRVEN WITH IMPACT HARMERS ,MONOLIT: M6 


The driving records are presented in chronological order 
of driving for prototype piles No. | *hrough @) driven atha Vulean O10 
harnmer and prototype piles Na 7,8,!3,16 drum with a MKT DE 70B hammer, 


See Appendin M, seckion M.S 


PO ABSOLUTE DISPLACEMENTS OF MONOLITH MG 


The absolute displacements of monolith during prototype 
pile driving, presented in Tables Pla and P.ib sare with respect to 
We position of monolith, anally loaded and laterally unloaded, 
before prototype pile driving. 

The absolute displacements of monolith, presented in 
Table %.2 are with respect to intial monolith poschon be fore 
preloading (no load applied) » there fore, these displacement 
valves represent total monolith displacements throughout the tests. 
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RO COMPLETE FELD L0G OF INSTALLATION OF TiMGER PILE 
UNDER MONOLITH MF 


The identification number Td No.) at the top ght - hancl 
Corner of the data sheet includes the timber pile number 
shoum in Fig. 3.2, Volume Il. 

The timber ple number is given by tne tue digits 
Preceeding the last two of the Id. No. ( page P-t4 
Corresponds to trnber pile No.45) 
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RIO SUMMARY LOG OF DATA ACQUIRED DURING 
PRELOADING , MONOLITH M3 


See Appendiz N, section N.2 


Pll SUMMARY L0G OF DATA ACQUIRED DURNG 
PILE DRIVING , MONOLITH M4 


See Appenclix N, Section N.S 
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PIS COMPLETE DRIVING RECORDS OF PROTOTYPE 
PILES DRIVEN WITH IMPACT HAMMER, MONOLITH 7 


The driving records Are presented in chron siogical erder 
of dvving for prototype piles No. \ through 8, driven with a Wiean olo 
hammer. 

See Appendix N, sechion N.S 


PAu ABSOLUTE DISPLACEMENTS oF MONOLITH M7 


The aosoluie displacements of monolith during prototype 
pile Ariving , presented in Table P.3 are with respect to the positon of 
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The acsoure Asplacerrorrs of monolith, presented 
wn lable Pb are with res peck to wnshal monolith posshon be fore 
preloading (no load apphed), there fre, these displacement 


values represent total monolith dise acerrenrs throughout the 
tests, 
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R\6 INFORMATION ACQUIRED By DYNAMIC DATA ACQUISITION 
SYSTEM FoR PRoroTyPE PILES OF MONOLITH MF 


See Appendix N, Section N.F 


Pie INFORMATION DIGIN2ED FROM ANALOG MAGNETIC - 


TAPE FOR MONOLITH MF 


See Appendix N, Section NG 
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Q MEASUREMENT DETAILS , MONOLITHS M4 and M& 


Q.) COMPLETE FIELD LOG OF INSTALLATION OF TIMBER PILES 
UNDER MONOLITH M4 


The identification nurnber (Id.No.) at the top ght - hand 
corner of each data, sheet includes the timbar pile number 
shoum in Fig. 5.2, Volume ID, 
The timber pele number is given. by the two digits 
Preceeding the last tivo o the Id.No. (for example , page @-2 
Corresponds to timber ple No. 56) 
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R.2. | Meyolith Displacement bina wenger formula, is @ result 
of BARKAN!S pe ea oid usith rence velocity Yela- 
tionship appled 2o FEAGIN'S data from Dam No. II. 


Displacement per B blow’s A604, 6 eplostins eared Ve ap(aco(r)| 


R2.2 Particle velocity. 
Rurticle Velocity normaligation fer B=\blw|(%t wag dene 
using 1o5(/97#) equation moafied for /4-i7. H Piles. 


Vi = exp [0.488 lnB.+ 0.7474] V; = fees velocity (in. /s) {or 
given blowcount. 
ou (blow / Pr) 


mula is applooble a rated hammer energ 
Perey Lb (vuLAN O10 gear 4° 


For Bus 10 bhour /fe 
Vo = exp ( 0408 ln 10 40%47]  & 6.50 in./s 
! 
[Ye Vereaoured * V0 
Vi 


Vo + (__V, 
y (an Casts in Bie aes))" Vinewarad 


Vio = Paricle Ve Novmalags _ 
fora blowcount of © blow |e 
Results shown in Table R.| 





























Vecton 
Average Velocity 





| Pile Tip Average Vmeasured Distance r Measured and 
| Depth Range Blowcount from pile tip revmalged fr 
| ft bts DF in./s to monolith, ft B= 10 blow /Pr 
| 5-10 2.8 0.576 lo.6 1.0% 
\S- 20 2.8 0.48% 22.9 O31 
20-25 > 0383 26.9 0.09 
25-30 46 0.421 31.2 0.62 
| 30-35 64 0.418 25:4 QS2 
| 35-40 6.2 OSES 40.3 0.F0 
| 40-45 6 0.434 45.0 ASG 
| 45-50 5.4 Ql 4.3 0.49 
| Vo , ns 
| Average a 
Pile Tip Average Vmeasured Distance Measured and 
Depth Range Blouwcount from Pile tip nermaliged feu 
$t blow | Ft in./s to rmenolith, ft Bs 10 blew! 


a4s4 [%.6 0.% 
028% 245 Oly 
0.298 33.8 OM 
034) 365 0.44 
0.383 43.1 0.49 
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S DETAILS OF LOAD TESTED PROTOTYPE PILES 


S.1 DETAILED DESCRIPTION OF INSTRUMENTATION INSTALLATION 


$.1.1 General 


Six prototype piles were laterally load tested: three prototype piles HP 
14x73 and three prototype piles PP 14x0.375. Pertinent properties and dimensions 
are given in Tables S.la and S.1b, respectively. 


8.1.2 Strain Gage Installation 


Strain gages were mounted at eight levels along the piles, and at the 
same levels on both types of piles. Four gages were mounted at each level. The 
gages on the H piles were mounted on the inside of the flanges close to web, but 
beyond the edge of the roll radius; the gages on the pipe piles were mounted on the 
outside surface of the piles at 90-degree intervals (see Fig. S.1). 





The gages installed on the prototype piles were Micro-Measurements 
(M-M) CEA-06-125UW-350 (gage factor 2.105+0.3 percent). Each gage was 
mounted on a steel shim stock with a terminal strip. 


The gage location on the piles was first ground smooth, using a grinder 
with No. 100 abrasive disc. Then, the location was hand rubbed with No. 250 emery 
paper. To remove any traces of grease and other residues the location was cleaned 
with ethyl acetate and Instant FD Residue Clearner manufactured by Tech Spray, 
Amarillo, Texas. | 


Upon completion of the gage location preparation, the shim stock was 
welded to the prototype pile with an Ailtech spot welder having an output of 
10 watts-second. The next step was to solder the lead wires to the terminal strip. | 
Then, the installation was covered with M-M M-Coat A Polyurethane Coating 
followed by a layer of butyl rubber (M-M M-Coat FB-2). 


After installation of all gages on one side, the lead wires were brought 
up to the top of the pile. They were fastened to the pile at 2 ft to 3 ft intervals 
using spot-welded U-brackets. 


The cover plate or angle was then placed over the gages and welded | 
into place. Welding was not permitted within 6 in. of the gage to reduce heat and 
the possibility of sparks damaging the installation. 


To further protect the gages, the void under the cower plate or angle 
was filled with foam-in-place urethane insulation (Insta-Foam Froth Pak Kit, Insta- 
Foam Products, Joliet, Illinois). The insulation came with the two components 
separated and under pressure. The components were mized in a nossie. To inject 
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the insulation behind the cover plate or angle, 1/4~in. dia holes were drilled at 5 ft 
intervals. 


§.1.3 Inclinometer Installation 


A 1.90-in.-id inclinometer casing was installed on the H pile inside a 
4x4x1/4-in. angle welded to the pile. The protective angle extended full length to 
within 5 ft of the top of the pile and was tapered to a point near the tip. An 
assembled 50 ft length of inclinometer casing was inserted into the protective 
cover and the grooves were aligned, parallel and perpendicular to the axis of 
bending. Then, the void was filled with the urethane foam used to protect the 
strain gages. 


Other investigators have installed inclinometer casings on H piles in a 
similar manner. During driving, their piles deviated considerably from their 
intended location. This behavior was attributed to the asymmetry of the pile cross 
section resulting from welding an angle on one side. In an attempt to prevent this 
from occurring with these H piles, an angle was wieded on the opposite side of the 
web to maintain symmetry of the section. 


The inclinometer casing was installed in the pipe pile after driving and 
clean-out, just efore grout placement. The casing was held in place with four steel 
centralizers, the details of which are shown in Fig. S.2. 


S2 DETAILS OF PROTOTYPE PILE CALIBRATION PROCEDURES 


$2.1 General 


f After all instrumentation was installed, each prototype pile was loaded | 
I in bending to calibrate the gages. The prototype pile was supported on 6x8 timber 
beams resting on wood crib supports about 40 ft apart. Teflon pads (1/8-in. thick) 





were placed between the prototype pile and the beam to reduce sliding friction 
during testing. A schematic of the setup is given in Fig. S3a | 


An Enerpac 25-t capacity, double-acting jack was used to apply the 
loads to the prototype piles. The jack was activated with an air-operated hydraulic 
pump. The load applied by the jack was monitored with a 50-t, hollow cylindrical 
load cell. The load cell was read with a Vishay P-350 strain indicator. 


Two prototype piles were calibrated at one time. After placement on 
the beams, the pipe piles were rotated so that the gages were at a 45-degree angle 
to the axis of loading. Then, two hoisting straps were chained around the prototype 
piles, as seen in Fig. S3a. The positions of the jack and straps were selected to 
give a moment distribution similar to that expected during actual testing. The 
maximum load applied during calibration was limited by the strength of the straps. 
Positions of the jack and straps are given in Fig. S.3b. 
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The H piles were calibrated in two positions, the jack loading the flange 
of the prototype pile for both positions. The pipe piles were calibrated in two 


positions, 180 degrees apart. 
S.2.2 Calibration Procedures 


After the prototype piles and jack were positioned, calibration began. 
First, the load was cycled from zero to a maximum of three times. The purpose of 
these cycles was to exercise the gages, as was done with the timber piles. Then, 
two calibration load cycles were done. Each calibration cycle consisted of loading 
the piles between 0 and 15 t maximum in six equal increments. The maximum load 
was sustained for a period of five minutes for each cycle. 


Strain gages were read with a Vishay VE-20 strain indicator in a 
quarter-bridge circuit. 


$2.3 Gege Checkout 

Upon completion of calibration, the prototype piles were placed in 
water-filled, cased shafts, so that ground and gage resistances under submerged 
conditions could be tested. The prototype piles remained in the shafts for one hour 
before the resistance values were measured. 


S24 Strain Gage Bridges 

After the calibration of the prototype piles, it was decided that the 
quarte-bridge circuits should be upgraded to half-bridge circuits. The compelling 
reason was to provide temperature compensation. In addition, the half-bridge 
circuit would give twice the output of the quarter-bridge circuit for a given strain. 


To make the half-bridge circuit, gages, 180 degrees apart, at the same 
level were joined, so that one gage would be in compression and the other in 
tension. The half-bridge circuit was used during the load testing, except on pipe 
pile T4. The large number of bad gages on that prototype pile necessitated using 
only quarter-bridge circuits in order to obtain useful data. 
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3.4 RESULTS OF LABORATORY TESTING ON STANDARD CYLINDER 
GROUT SAMPLES, PROTOTYPE PILES T2 AND T4 


Standard concrete cylinders were taken of the grout mixtures used 
to fill prototype piles T2 and T4. They were sent to a commercial laboratory 
for testing. In addition to compressive strength, the elastic modulus of the specimens 
from prototype pile T2 was determined. 


The laboratory reports are presented in the following pages. 




































ANCO TESTING LABORATORY, INC J 3 ee $1 LOU, miSSOUR! 63104 @ 314.241.0525 


€. sAcCARTY $1. JEFFERSON CITY . satSSOURI e 314.635.3012 


Report Mo, A-1S)59) danvary 6, 1879 
Weoduard Clyde Consultants Project: Lock and Den to. 26 

. $02 dob Ro. Y7C225 
Rema, Titinats, 62002 Alton, 11} tnets 
Attention: Mr, Bich Ashley 
Gant temas 


We report herevith results of Compressive Strength and Modulus of Clasticity Tests 
conducted en grout atx —t cast fn standard 6° 2 12° cylinder aolds, The 
spectuens, cast en December §, 1378, were transported to the laboretory by our 


representative en December 8, 1973. 
SPOUT NOX COWRESSIVE. STRENETI_ TEST DATA 
Cy fader Age at hoot ted sero Strength 
-igeer_ Jest-Devs, loses, sulm b2/s4eln, 
ra) ? 48,000 28.27 16oe 
12-522 “ 65,000 28,27 229 
16-9 rs] o4,800 22,27 ges 
POT ITY HOALS OF GASTICITY TEST DATA 

Cyl tader hee at heel ted Rerength wit Strain edule of 
eter Test-Deys, heed-jbs, ibsfSatn, In incws flesticiteps! 
12-1526 ? 15,200 eis @.000842 632,00 
12-155 “ 21,200 70 0.000612 142254499 
12-166 rt en 0 .c00ts8 2,038,662 
The Modulus of Clesticity Strese-Strain Curve fs attached and ande & part ef wis report. 

Respectfully ovbel ceed, 

J Clad tter 
stack 1. Andersen Naso 
Clips 00D TESTING LABORATORY, IMC. 
Rar 


3 PaGe Ls peste QUALITY PRAQTIGABLA 
FROM C@PY puswtcur ™ poe 








ereRees SAO 


thae 2 LIT / 












cos Corp. 


RECEIVE 





Fl. 2. 1979 
™ 


a 


ANCO TESTING LABORATORY, INC, / »» 





: ALT Rbk desour ad104 316.241.9825 
| Report No. A- 182261 February 19, 1979 
1€0S Corporatioa Project— Wiss {ss {ppt River Lock & Dee Mo. 26 
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Aiton, Tilfvaots 62002 

Attention: fr. Gregg Sanchez 
Gentlemen: 


We report herewith results of compressive strength tests mode on stondord 6° = 12° 
concrete cylinders mode by yeu representotive. 


COMPRESSIVE STRENGTH TESTS 


Cylinder Number 1 2 
Age ef Tes!, Doys ; : g 
Strength, ps! 2370 3059 
Tetel Load, Lbs. 67,000 06,500 
Type of Frocture Reguler Rogier 
Cote Mode 02-10-79 02-10-79 
Date Received 62-12-79 02-12-79 
Dote of Test O2-13-79 02-17-79 
Type af Cement Regalar Ugh Forty Strecgtt Reguter- 
Concrete Mix Grout @reut 
behdbere a eece oe oe 
Curing Standard Standard 
Stump, inches " Soe an edvanieee’ saee 
Specimen Represents “asd piaaaeiasietialt, 
; } —a oe 
Strength, pol? deys} 
Regert Ne. 
sub lle 
e Ad Gs— 
STA sek a t_ 
eH I1as ANCO TESTING LABORATORY, INC. 
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Noment werhia of uninstrumented prototype pipe pile 
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Moment of inertia of in rumented prototype pipe pile 


ior ty Concrete placemen 
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T.1 GENERAL 


This appendix provides a basic overview of the data processing and 
analysis procedures used to evaluate the measurement data obtained during the pile 
driving effects tests. Emphasis is placed on the evaluation procedures for 
automatically acquired strain gage and geophone data using digital computer 
systems. The computer programs used in this study are described briefly to 
highlight the approach taken in the analyses, and delineate the inputs/outputs 
required for each step. The final section describes the statistical] method used to 
assess the scatter observed in measurements of monolith displacements. 


T.2 STRAIN GAGE DATA 


The sequence of operations involved in processing strain gage data 
obtained by the Cyber I System (Appendix 2 is outlined in Table T.1. During on- 
line testing, the data were recorded in compact form on the test (floppy) disc using 
the Cyber program ACQUIRE. These results were translated to a separate disc in 
a universal character format on the Cyber IL. Subsequent steps converted these 
data into easily accessible form for analyses using Univac 1108 system programs 
(STX and READTAPE) to generate a permanent storage tape containing complete 
reading events as separate records. A simple WCC program (STRAINGAGE) is used 
to read the storage tape and select data from a given reading event for a particular 
pile, translate the data into card images for input to the analysis program MOMAX’ 


The program MOMAX employs these card image elements (gage 
stresees for a particular pile) along with appropriate geometric properties for the 
individual gages (eg, (x, y) gage coordinates, cross section area and respective 
moments of inertia), and gage ranks, as inputs to the calculations. A least-square 
fit of the stressplane at the respective gage level is used to compute axial thrust, 
bending moment, shear force and orientation of the maximum moment for that 
level. It should be noted that preliminary MOMAX analyses were performed using 
raw strain gage data and gage rankings based on calibration data (Section 3.3) in 
order to evaluate reliability of the individual strain gage readings. In the event 
that a particular gage reading deviated severely from the “best fit" plane, the gage 
rank was downgraded accordingly. The final analysis result presented in 
Section 9.5, Volume Ill, incorporated these adjusted rankings. MOMAX outputs 
include printouts of the input data and calculation results, plus plot files of these 
data for CALCOMP plotting purposes. Descriptions of the computer programs used 
in this process are given in Section T.4. 


T.3 GEOPHONE DATA 


The basic steps in the processing of geophone records are outlined in 
Table T.2. As described in Section 3.2.7, Volume Ill, the dynamic data acquisition 
system included complete oscillograph records (54 discrete channels), and selected 
analog magnetic tape records (14 discrete channels). The peak vibration monitors 
provided elevation of peak vectorial velocities for any four 3-D geophones on-line 
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during testing plus off-line replay capability from the magnetic tape recording. 
Manual! processing of the peak component and vectorial velocities comprised the 
major effort expended in examining ground vibration characteristics. 


Based on evaluations of these peak velocity data in conjunction with 
observed monolith displacements selected geophone records were digitized from the 
analog magnetic tape recordings for subsequent analysis. The digital magnetic 
tapes were thereafter translated from milivolts to raw velocity time histories for 
permanent tape storage using Univac 1108 system program STX and TRANSLATE 
along with WCC program VELOCITY. 


The raw (uncorrected) velocity time histories are processed using the 
WCC program CALIBRATE, which incorporates such corrections as baseline, zero 
shift,k variations of instrument response for different frequencies, and cutt off 
high frequency noise, after which corrected velocity, acceleration, and displace- 
ment time histories are output for further analyses or plotting. Example response 
spectra were generated using program SPECTRA and plotted, along with repre- 
sentative time histories for presentation in Section 9.3, Volume IIL 


TA COMPUTER PROGRAMS 


STX. A system program provided by Information Systems Design (ISD), 
for use on their Univac 1108 computer, to translate Binary Coded Data (BCD from 
geophone tapes) and ASCII data (from strain gage tapes) to Field data format tapes. 


READTAPE. A program using an ISD subroutine to read the Fieldata 
strain gage tape and write it on a new tape as retrievable card image files for 
each record (measurement set) from the tape. 


TRANSLATE. A program employing an ISD system routine used to read 
the Fieldata geophone data blocks and write them on new storage tape as card 
image files identified by title data blocks for retrieval. 


STRAINGAGE. This program reads the files generated by READTAPE 
and retrieves card image elements for specified pile measurement in format 
suitable for analysis using MOMAX. It basically sorts through the stored data to 
provide input data elements for MOMAX’ It is used in a runstream to create 
elements for processing (MOMAX). 


MOMAX. This program calculates bending moment, axial thrust, and 
shear force for each strain gage level for a specified timber pile/measurement 
case. Moment and shear are computed in terms of in-plane (y) and transverse (x) 


components with respect to the y-axis of loading. 


The piles are considered “bilinear” elastic in that different moduli may 
be considered in tension vs compression. Bending moment and thrust for a given 
strain gage level are obtained by passing a plane based on the least-square fit using 
weighted stress values (for 4 active gages), or the three stress values (for only 
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3 active gages) consistent with simple Ewer beam theory. Gages having ranking 
factors less than three are ignored, and levels having fewer than three gages 
ranked three or better are completely ignored. The shear force is computed as the 
slope of the moment distribution curve between two satisfactory gage levels. 


CALIBRATE. The program can be used to correct a given time history 
for instrument response characteristics, cut off high frequencies, baseline cor- 
rection and zero shift, and to calculate corrected velocity, acceleration and 
displacement time histories. All these operations, except the zero shift correction, 
are performed in the frequency domain using Fourrier transformation techniques. 
The zero correction is done in the time domain. Instrument response char- 
acteristics and frequency cut off considerations require assignment of appropriate 
digital filter parameters. 


SPECTRA. The program calculates displacement, relative velocity, 
peeudo-relative velocity, acceleration, pseudo-acceleration, and acceleration 
magnification ratio spectral values for discrete single-degree-of-freedom systems 
(having arbitrary natural periods and damping ratios) and stores these values on a 
data file for plotting. It is used in a runstream to create elements for processing 
(SPECTRA) and/or plotting (EQPLOT). 


REPLOT. This program reads in a two-dimensional array of data in any 
format and calls the CALCOMP subroutines necessary to generate (x, y) plot files. 
It permits generation of data points and/or lines based on arithmetic or logarithmic 
scales, and labels axes and legends as specified by the user. 


BQPLOT. This code is used to plot earthquake time histories (ac- 
celeration, velocity, displacement, force and stresa) using standard CALCOMP 
subroutines. 
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